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Abstract

In this study, it was aimed to evaluate the zonulin and lactate levels, which are among the gastrointestinal biomarkers, in dogs
with diarrhea due to various reasons. Thirty dogs with diarrhea and 15 healthy dogs, which were not classified as etiological,
were included in the study. Blood samples were taken from Vena cephalica antebrachii of each dog in accordance with the tech-
nique. Serum zonulin levels were measured from the blood samples collected in tubes without anticoagulant, using the commer-
cial test kit based on the ELISA principle. Plasma lactate levels were measured using a handheld analyzer from blood samples
taken into heparinized tubes. While serum zonulin concentrations were found to be 9.80 + 6.7 ng/mL in dogs with diarrhea, se-
rum zonulin concentrations were found to be 1.94 + 1.4 ng/mL in healthy dogs. It was determined that the plasma lactate levels
of the dogs with diarrhea were 9.02 + 4.7 mmol/L, whereas the plasma lactate concentrations of the healthy dogs were 1.21 +
1.4 mmol/L. In the statistical evaluation, both zonulin and lactate concentrations were found to be highly significant (p< 0.05)
for dogs with diarrhea. As a result, it was concluded that the gastrointestinal biomarkers zonulin and lactate levels increased
in blood in dogs with diarrhea and that zonulin and lactate could be taken into account in detecting the damage that may occur
in the intestines due to diarrhea, and these markers could be used in the follow-up of the prognosis and treatment of diarrhea.
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INTRODUCTION

Gut health not only contributes to the prevention of va-
rious diseases but has also become a significant focus
among nutritionists, veterinarians, and scientists (Kogut
and Arsenault, 2016). Generally, gut health is discussed
under six main areas: diet, digestion and absorption, nor-
mal and balanced microbiota, immune status, intestinal
mucosa, and neuroendocrine-gut motor functions. Un-
derstanding these functions plays a crucial role in ani-
mal health, welfare, and performance (Celi et al., 2017).
Diarrhea, the primary indication of impaired gut health
in dogs, notably affects young dogs and is one of the le-
ading causes of mortality in this age group (Mila et al.,
2017; Miinnich and Kiichenmeister, 2014). Diarrhea in
dogs is categorized as infectious or non-infectious ba-
sed on etiology, and as acute (lasting less than 14 days)
or chronic based on duration, making this classification
highly relevant both clinically and for research (Nind,
2011; Schulz et al., 2008; Volkmann et al., 2017; Willard,
2013). The pathogenesis of diarrhea involves absorption
disorders associated with damage to the villi and micro-
villi structures in the small intestine, while in the large
intestine, it is linked to an increase in fecal water content
due to inadequate water and electrolyte absorption by
colonocytes. Moreover, the fermentation of indigestible
nutrients by lactic acid bacteria can increase the osmola-
rity of intestinal contents, potentially exacerbating diar-
rhea (Burrows et al., 1995; Heyman, 2000; Volkmann et
al., 2017). The primary pathology underlying intestinal
diseases is leaky gut syndrome, caused by the disrupti-
on of the mucosal barrier and the resulting increase in
intestinal permeability. Tight junction proteins between
intestinal epithelial cells play a critical role in regulating
the mucosal barrier, with the zonulin protein controlling
the permeability of these connections (Sturgeon and Fa-
sano, 2016). An increase in zonulin levels can lead to

heightened intestinal permeability, contributing to the
development of inflammatory, autoimmune, and neop-
lastic diseases. Disruption in the zonulin signaling pat-
hway can alter immune responses and weaken mucosal
tolerance, thereby playing a role in the pathogenesis of
chronic inflammatory diseases (Fasano, 2012a). Both ch-
ronic and acute inflammatory conditions are marked by
changes in intestinal permeability and dysbiosis, closely
associated with compromised gut integrity. This disrup-
tion can allow microorganisms to enter the circulation
through the gut, potentially triggering irregular immune
responses that result in sepsis, septic shock, and irrever-
sible organ damage (Koh et al., 2006; Vaishnavi, 2013).
Hypovolemia and hypoperfusion, frequently observed
in sepsis and septic shock, lead to impaired tissue oxy-
genation, triggering anaerobic metabolism and causing
excessive lactate production (Shahrin et al., 2024). As a
byproduct of bacterial fermentation, D-lactate levels inc-
rease in association with ischemic gut injury and enhan-
ced gut permeability. This increase in D-lactate, released
into the portal and systemic circulation, has been linked
to D-lactic acidosis in conditions such as short bowel sy-
ndrome and exocrine pancreatic insufficiency. The aim
of this study is to evaluate lactate and zonulin levels in
dogs with acute diarrhea and to examine the relationship
of these parameters with intestinal permeability and me-
tabolic responses.

MATERIALS AND METHODS
Animal material

The animal material for this study consisted of 30 dogs
of different ages and sexes presenting with diarrhea of
unclassified etiology at the Small Animal Clinic of the
Department of Internal Medicine, Faculty of Veterinary
Medicine, Aydin Adnan Menderes University, and 15 he-

How to cite this article: Sen T., Ozalp T.,Pasa S., (2025). Investigation of gastrointestinal biomarkers in dogs with diarrhea. Journal of Advances
in VetBio Science and Techniques, 10(1), 48-51. https://doi.org/10.31797/vetbio.1589650

This work is licensed under a Creative Commons Attribution 4.0 International License


https://orcid.org/0000-0002-5540-4542
https://orcid.org/0000-0002-9873-0364
https://orcid.org/0000-0003-4957-9263

althy dogs determined to be clinically, hematologically,
and biochemically normal. An additional criterion for
including the diarrheic animals in the study was that they
had not received antibiotics for at least one month, to
ensure that zonulin levels would accurately reflect dis-
rupted intestinal permeability.

Sampling procedure

In this study, blood samples were collected from each
dog’s vena cephalica antebrachii into heparinized tubes
and serum tubes in accordance with proper techniques.
Blood samples in serum tubes were centrifuged for 15
minutes at 3000 rpm to obtain serum samples. The serum
samples were stored at -20°C until analysis.

Laboratory analysis
Zonulin and lactate analysis

Serum zonulin levels were determined using a Canine
Zonulin ELISA Kit (Cat No. MBS2605074). The re-
sults from the test kit were evaluated using an ELX800
microplate reader. Plasma lactate levels were measured
using a handheld analyzer (Lactate Pro 2, Arkray, Net-
herlands).

Statistical analyses

Descriptive statistics were conducted on the numerical
data obtained in the study and presented in Table 1. The
Shapiro-Wilk was used to check data distribution, revea-
ling that distributions were not normal. Although all data
underwent logarithmic (Logn) transformation, the dist-
ributions remained non-normal. Therefore, differences
between groups were analyzed using the non-parametric
Mann-Whitney U test. Data on lactate and zonulin levels
were illustrated with box plots. Age and gender infor-
mation for the healthy and diarrheic dogs was determi-
ned using cross-tabulation. All analyses were performed
using SPSS® software (version 20.0, IBM, USA), and
statistical significance was set at p < 0.05

RESULTS

Among the diarrheic dogs included in the study, 14
(46.6%) were male, and 16 (53.4%) were female. Based
on age distribution, 18 dogs (60%) were younger than
one year, and 12 dogs (40%) were between one and five
years old. In the healthy group, gender distribution was
balanced, with 7 males and 8 females. The age distribu-
tion of healthy dogs showed that 5 were under one year
old, 9 were between one and five years, and 1 was ol-
der than five years. No statistically significant difference
was found in age or gender distribution between healt-
hy and diarrheic dogs. Serum zonulin levels in diarrheic
dogs were significantly higher than in healthy dogs (p <
0.05). These differences were also depicted in Table 1.
When examining lactate levels between diarrheic dogs
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and healthy dogs, a significant statistical difference was
detected (p < 0.05). Plasma lactate levels were measured
at 9.02 £ 4.7 mmol/L in diarrheic dogs and 1.21 + 1.4
mmol/L in healthy dogs. Serum zonulin concentrations
were determined to be 9.80 + 6.7 ng/mL in diarrheic
dogs and 1.94 + 1.4 ng/mL in healthy dogs.

DISCUSSION

The identification of diet, digestion, absorption, mic-
robiota balance, immune status, intestinal mucosa, and
neuroendocrine-gut motor functions is crucial for moni-
toring animal health and welfare and assessing the im-
pact of nutritional interventions on animal performance
(Celi et al., 2017). Diarrhea is a clinical symptom chara-
cterized by an increase in both the fluid content and volu-
me of feces, which can arise from infectious or non-infe-
ctious causes. In this study, no etiological classification
was made for diarrheic dogs. However, it was noted that
diarrhea, particularly in young dogs with immature im-
mune systems, can lead to serious consequences (Mila
et al., 2017; Minnich et al., 2014). The finding that 18
of the 30 diarrheic dogs in our study were under one
year of age supports this observation. In recent years,
the importance of gut health has grown among nutritio-
nists, veterinarians, and scientists (Kogut and Arsenault,
2016). However, there remains a substantial gap in the
identification of biomarkers related to gastrointestinal
barrier function, permeability, and the gut endocrine sys-
tem (Celi et al., 2017). Tight junctions between intestinal
epithelial cells play a critical role in regulating the mu-
cosal barrier, with zonulin acting as a key protein that
reversibly regulates the permeability of these connecti-
ons. Numerous clinical studies have examined zonulin
as a biomarker of intestinal permeability (Fasano, 2012a;
Sturgeon and Fasano, 2016). As another biomarker, lac-
tate is present in the D-enantiomer form, typically unde-
tectable in mammalian serum under normal physiologi-
cal conditions. However, it may increase in serum due to
bacterial fermentation in the gastrointestinal tract or as a
result of metabolic disorders (Christopher et al., 1990).
Increased gut permeability and bacterial overgrowth can
lead to elevated circulating D-lactate levels, which, like
zonulin, is thus regarded as a significant biomarker of
gastrointestinal dysfunction (Peoc’h et al., 2018). In our
study, we found statistically significant differences in zo-
nulin and lactate levels between diarrheic dogs and the
healthy control group (p < 0.05). Specifically, zonulin
levels in diarrheic dogs were 9.80 + 6.7 ng/mL, and se-
rum lactate levels were 9.02 = 4.7 mmol/L, both signifi-
cantly higher than in the control group. The gut serves as
a critical barrier against harmful substances in the body.
Disruption of this barrier and increased permeability
can allow pathogens to enter the circulatory system and
lead to gastrointestinal symptoms like diarrhea (Fasano,
2012a). Zonulin plays a crucial role in the pathogenesis

Table 1. Statistical comparison of serum lactate and serum zonulin level

Group Lactate (mmol/L) Zonulin (ng/mL)
Diarrheal 9.02+4.7 9.80 £ 6.7
Healthy 1.21+14 194+14
p-value 0.05
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of many chronic inflammatory bowel diseases (Sturgeon
and Fasano, 2016). In our study, high zonulin levels de-
tected in diarrhea cases with various etiologies indicate
a direct relationship between this biomolecule and gut
health. Moreover, studies in the literature indicate that
elevated zonulin levels are associated with systemic
diseases such as autoimmune diseases, type 1 diabetes
mellitus, and celiac disease (Fasano and Shea-Donohue,
2005; Fasano, 2012b). It has been shown that intestinal
permeability begins to increase in individuals prone to
type 1 diabetes before the onset of disease symptoms (De
Magistris et al., 1996). Arrieta et al. (2009) demonstrated
in a mouse study that treatment with the zonulin inhibitor
AT-1001 reduced gut permeability, thereby preventing
colitis. Zonulin has also been linked to asthma and bra-
in tumors (Diaz-Coranguez et al., 2013; Fasano, 2011).
Similar to findings in the aforementioned literature, we
observed significant increases in zonulin levels in dogs
with acute diarrhea in our study. These findings suggest
that zonulin could serve as a biomarker for assessing
intestinal permeability in dogs. Lactate, a byproduct of
anaerobic glycolysis, is particularly elevated in serum
in cases of shock, anemia, respiratory disorders, and
gastrointestinal abnormalities (Fall and Szerlip, 2005).
Elevated lactate levels are generally considered an in-
dicator of hypoxia and tissue hypoperfusion (Kruse and
Carlson, 1987). Besides hypoperfusion and hypoxia, lac-
tate levels may also increase due to various drugs, toxins,
mitochondrial defects, and conditions like sepsis (Kruse
and Carlson, 1987; Luft, 2001). Chronically elevated la-
ctate levels have been linked to an increased risk of mor-
tality in clinical settings (Hayes et al., 2010, 2011). In
this study, the significantly elevated total serum lactate
levels in diarrheic dogs serve as an important indicator of
increased intestinal permeability and anaerobic metabo-
lism. Studies have shown that in cases with high plasma
lactate levels, the mortality rate remains elevated despite
treatment (Cortellini et al., 2015; Stevenson et al., 2007).
While our study did not monitor mortality in dogs with
high lactate levels, these findings underscore the need
for future research examining the relationship between
lactate levels and mortality.

CONCLUSION

Both biomarkers appear clinically valuable, especially
for monitoring prognosis and treatment response in di-
arrhea cases. Furthermore, we conclude that treatment
protocols should avoid medications that could negatively
impact gut permeability and mitochondrial function. The
routine use of zonulin and lactate levels in veterinary cli-
nics may aid in identifying the underlying pathophysio-
logical mechanisms of diarrhea.

Acknowledgments

This study is a summary of a section from the Master’s
thesis entitled “Investigation of gastrointestinal biomar-
kers in dogs with diarrhea” conducted at the Department
of Internal Medicine, Institute of Health Sciences, Adnan
Menderes University.

Financial support

This study was supported by Aydin Adnan Menderes
University Scientific Research Projects Unit under pro-
ject number VTF-20032.

Conflict of interest

The authors declare no conflict of interest regarding this
article.

Ethical stamement

This study was reviewed and approved by the Aydin
Adnan Menderes University Animal Experiments Lo-
cal Ethics Committee (ADU-HADYEK) in accor-
dance with ethical principles. The ethical approval
was granted on 09/07/2020, with the approval number
64583101/2020/036.

Author contributions

Idea/Concept: SP; Design: SP, TS; Control/Supervision:
SP, TS, TO; Data Collection and/or Processing: SP, TS;
Analysis and/or Interpretation: SP, TS; Literature Re-
view: SP, TS, TO; Writing the Article: SP, TS, TO; Crit-
ical Review: SP, TS, TO; References and Fundings: SP,
TS; Materials: SP, TS.

Availability of data and materials

The datasets used and/or analyzed during this study are
available from the corresponding author upon reasonable
request. All software and materials used in this study are
commercially available or described in detail in the Ma-
terials and Methods section. Data supporting the findings
of this study are included in the main text and supple-
mentary materials.

REFERENCES

Arrieta, M.C, Madsen, K., Doyle, J., & Meddings, J. (2009).
Reducing small intestinal permeability attenuates colitis
in the IL10 gene-deficient mouse. Gut, 58(1), 41-48. htt-
ps://doi.org/10.1136/gut.2008.150888

Burrows, C.F, Batt, R.M., & Sherding, R.G. (1995). Diseca-
ses of the small intestine. In S.J. Ettinger & E.C. Feldman
(Eds.), Textbook of Veterinary Internal Medicine (4th ed.,
Vol. 2, pp. 1169-1232). Philadelphia: W.B. Saunders.

Celi, P., Cowieson, A. J., Fru-Nji, F., Steinert, R. E., Kluen-
ter, A. M., & Verlhac, V. (2017). Gastrointestinal functi-
onality in animal nutrition and health: new opportunities
for sustainable animal production. Animal Feed Science
and Technology, 234, 88-100. https://doi.org/10.1016/j.
anifeedsci.2017.09.012

Christopher, M. M., Eckfeldt, J. H., & Eaton, J. W. (1990).
Propylene glycol ingestion causes D-lactic acidosis. La-
boratory Investigation; a Journal of Technical Methods
and Pathology, 62(1), 114-118.

Cortellini, S., Seth, M., & Kellett-Gregory, L. M. (2015).
Plasma lactate concentrations in septic peritonitis: a ret-
rospective study of 83 dogs (2007-2012). Journal of Ve-
terinary Emergency and Critical Care, 25(3), 388-395.
https://doi.org/10.1111/vec.12234

De Magistris, L., Secondulfo, M., Iafusco, D., Carbone, A.
G., Urio, A., Pontoni, G., & Carratu, R. (1996). Alte-
red mannitol absorption in diabetic children. The Italian
Journal of Gastroenterology, 28(6), 367-367.

Diaz-Coranguez, M., Segovia, J., Lopez-Ornelas, A., Pu-
erta-Guardo, H., Ludert, J., Chavez, B., Meraz-Cruz
N. & Gonzalez-Mariscal, L. (2013). Transmigration
of neural stem cells across the blood brain barrier indu-

50



ced by glioma cells. PloS One, 8(4), €60655. https://doi.
org/10.1371/journal.pone.0060655

Fall, P. J., & Szerlip, H. M. (2005). Lactic acidosis:
From sour milk to septic shock. Journal of Inten-
sive Care Medicine, 20(5), 255-271. https://doi.
org/10.1177/0885066605278644

Fasano, A. (2011). Zonulin and its regulation of intestinal bar-
rier function: the biological door to inflammation, auto-
immunity, and cancer. Physiological Reviews, 91: 151—
175. https://doi.org/10.1152/physrev.00003.2008

Fasano, A. (2012a). Intestinal permeability and its regulation
by zonulin: diagnostic and therapeutic implications. Cli-
nical Gastroenterology and Hepatology, 10(10), 1096-
1100. https://doi.org/10.1016/j.cgh.2012.08.012

Fasano, A. (2012b). Leaky gut and autoimmune diseases. Cli-
nical Reviews in Allergy & Immunology, 42(1), 71-78.
https://doi.org/10.1007/s12016-011-8291-x

Fasano, A., & Shea-Donohue, T. (2005). Mechanisms of dise-
ase: the role of intestinal barrier function in the pathoge-
nesis of gastrointestinal autoimmune diseases. Nature
Clinical Practice Gastroenterology & Hepatology, 2(9),
416-422. https://doi.org/10.1038/ncpgasthep0259

Hayes, G., Mathews, K., Doig, G., Kruth, S., Boston, S.,
Nykamp, S., Poljak Z., & Dewey, C. (2010). The acu-
te patient physiologic and laboratory evaluation (APP-
LE) score: a severity of illness stratification system for
hospitalized dogs. Journal of Veterinary Internal Medi-
cine, 24(5), 1034-1047. https://doi.org/10.1111/j.1939-

1676.2010.0552.x

Hayes, G., Mathews, K., Doig, G., Kruth, S., Boston, S.,
Nykamp, S., Poljak Z., & Dewey, C. (2011). The feline
acute patient physiologic and laboratory evaluation (Feli-
ne APPLE) acore: A severity of illness stratification sys-
tem for hospitalized cats. Journal of Veterinary Internal
Medicine, 25(1), 26-38. https://doi.org/10.1111/j.1939-

1676.2010.0648.x

Heyman, M. (2000). Effect of lactic acid bacteria on diarrheal
diseases. Journal of the American College of Nutrition,
19(sup2), 137-146. https://doi.org/10.1080/07315724.20
00.10718084

Kogut, M. H., & Arsenault, R. J. (2016). Gut health: The
new paradigm in food animal production. Frontiers
in Veterinary Science, 3, 71. https://doi.org/10.3389/
fvets.2016.00071

Koh, 1. H. J., Liberatore, A. M. A., Menchaca-Diaz, J.
L., Ruiz-Silva, M., Vilela-Oliveira, L., Watanabe,
A. Y., Salomao, R.; Fagundes-Neto, U., & Silva,
R. M. (2006). Bacterial translocation, microcirculati-
on injury and sepsis. Endocrine, Metabolic & Immu-
ne Disorders-Drug Targets, 6(2), 143-150. https://doi.

org/10.2174/187153006777442323

Kruse, J. A., & Carlson, R. W. (1987). Lactate metabo-
lism. Critical Care Clinics, 3(4), 725-746. https://doi.
org/10.1016/S0749-0704(18)30516-5

Luft, F. C. (2001). Lactic acidosis update for critical care cli-
nicians. Journal of the American Society of Nephrology,
12(1), 15-19. https://doi.org/10.1681/ASN.V12supp-
1 1s15

Mila, H., Grellet, A., Mariani, C., Feugier, A., Guard, B.,
Suchodolski, J., Steiner J., & Chastant-Maillard, S.

J Adv VetBio Sci Tech, 2025, 10(1), 48-51

(2017). Natural and artificial hyperimmune solutions:
Impact on health in puppies. Reproduction in Domestic
Animals, 52, 163-169. https://doi.org/10.1111/rda.12824

Miinnich, A., & Kiichenmeister, U. (2014). Causes, diagnosis
and therapy of common diseases in neonatal puppies in
the first days of life: cornerstones of practical approach.
Reproduction in Domestic Animals, 49, 64-74. https://doi.
org/10.1111/rda.12329

Nind, F. (2011). Saunders Solutions in Veterinary Practice:
Small Animal Gastroenterology. Missouri (MO): Elsevier
Saunders, 42-44.

Peoc’h, K., Nuzzo, A., Guedj, K., Paugam, C., & Corcos, O.
(2018). Diagnosis biomarkers in acute intestinal ischemic
injury: so close, yet so far. Clinical Chemistry and Labo-
ratory Medicine, 56(3), 373-385. https://doi.org/10.1515/
cclm-2017-0291

Schulz, B. S., Strauch, C., Mueller, R. S., Eichhorn, W., &
Hartmann, K. (2008). Comparison of the prevalence
of enteric viruses in healthy dogs and those with acute
haemorrhagic diarrhoea by electron microscopy. Jour-
nal of Small Animal Practice, 49(2), 84-88. https://doi.
org/10.1111/5.1748-5827.2007.00470.x

Shahrin, L., Sarmin, M., Parvin, 1., Al Hasan, M. M., Na-
har, M. A., Shahid, A. S. M. S. B., Shaimab SN., Ma-
munc G.M.S., Nasrinb S., Ahmed T., & Chisti, M.
J. (2024). Point of care lactate for differentiating septic
shock from hypovolemic shock in non-ICU settings: A
prospective observational study. The Lancet Regional
Health-Southeast Asia, 30. https://doi.org/10.1016/j.1an-
s€a.2024.100500

Stevenson, C. K., Kidney, B. A., Duke, T., Snead, E. C.,
Mainar-Jaime, R. C., & Jackson, M. L. (2007). Serial
blood lactate concentrations in systemically ill dogs. Ve-
terinary Clinical Pathology, 36(3), 234-239. https://doi.
org/10.1111/.1939-165X.2007.tb00217.x

Sturgeon, C., & Fasano, A. (2016). Zonulin, a regulator of
epithelial and endothelial barrier functions, and its in-
volvement in chronic inflammatory diseases. Tissue Bar-
riers, 4(4), e1251384. https://doi.org/10.1080/21688370.
2016.1251384

Vaishnavi, C. (2013). Translocation of gut flora and its role in
sepsis. Indian Journal of Medical Microbiology, 31(4),
334-342. https://doi.org/10.4103/0255-0857.118870

Volkmann, M., Steiner, J. M., Fosgate, G. T., Zentek, J.,
Hartmann, S., & Kohn, B. (2017). Chronic diarrhea in
dogs—retrospective study in 136 cases. Journal of Vete-
rinary Internal Medicine, 31(4), 1043-1055. https://doi.
org/10.1111/jvim.14739

Willard, M.D. (2013). Diarrhea. In Nelson, R.W., & Couto,
C.G. (Eds.), Small Animal Internal Medicine (pp. 376-
380). St. Louis: Elsevier.

51



